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PATENT APPLICATION 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re the Application of 

Tenmao HANAOKA, Haruki ITO, Kazuhiko NOZAWA 

Application No.: New U.S. National Stage of 
PCT/JPOO/01387 

Filed: November 15, 2000 Docket No.: 107284 

For: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURE THEREOF, 
CIRCUIT BOARD, AND ELECTRONIC INSTRUMENT 

PRELIMINARY AMENDMENT 

Director of the U.S. Patent and Trademark Office 
Washington, D. C. 20231 

Sir: 

Prior to initial examination, please amend the above-identified application as follows: 
IN THE SPECIFICATION : 

Please amend the specification as follows: 

Page 46, hne 7, change "244" to - 220 -. 
IN THE CLAIMS : 

Please amend claims 8, 9, 21-24, 27-29 and 34-36 as follows: 

Claim 8, lines 1 and 2, change "any of claims 1 to 7," to ~ claim 1, ~. 

Claim 9, lines 1 and 2, change "any of claims 1 to 7," to ~ claim 1, --. 

Claim 21, lines 2 and 3, change "any of claims 1, 2, 3, 4, 5, 6, 7, 10, 11, and 12." to - - 

claim 1. — , 

Claim 22, line 2, change "any of claims 13 to 20." to ~ claim 13. ~. 



New U.S. National Stage of PCT/JPOO/01387 

Claim 23, lines 2 and 3, change "any of claims 1, 2, 3, 4, 5, 6, 7, 10, 11, 12," to -- claim L 

Claim 24, line 2, change "any of claims 13 to 20." to claim 13. 

Claim 27, line 2, change "claim 25 or 26," to — claim 25, — . 

Claim 28, line 2, change "claim 25 or 26," to - claim 25, — . 

Claim 29, line 2, change "claim 25 or 26," to - claim 25, 

Claim 34, line 2, change "claim 32 or 33," to - claim 32, ~. 

Claim 35, line 2, change "claim 32 or 33," to - claim 32, 

Claim 36, line 2, change "claim 32 or 33," to - claim 32, 



Claims 1-36 are pending. By this Preliminary Amendment, page 46 of the 
specification is amended and claims 8, 9, 21-24, 27-29 and 34-36 are amended to eliminate 
multiple dependencies. Prompt and favorable examination on the merits is soUcited. 

Respectfully submitted, 
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SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURE THEREOF, 



CIRCUIT BOARD, AND ELECTRONIC INSTRUMENT 



TECHNICAL FIELD 

5 The present invention relates to a semiconductor 

device and method of manufacture thereof, a circuit board 
and an electronic instrument. 



BACKGROUND ART 

10 When high-density mounting is required of 

semiconductor devices, bare chip mounting is ideal. However, 
a bare chip presents problems of quality assurance and 
handling. In response to this, semiconductor devices have 
been developed to which CSP (Chip Scale/Size Package) is 

15 applied. There is no formal definition of CSP, but 
generally it is understood to refer to an IC package with a 
package size the same as an IC chip, or very slightly 
larger than an IC chip. To advance high-density mounting, 
the development of CSP technology is important. As a 

20 publication of a prior art relating to CSP may be cited 
International Publication No. WO95/08856. 

According to this document, a gap is formed between a 
substrate having external terminals and a semiconductor 
chip, and this gap is filled with resin. This resin is 

25 resilient when cured. This resilient resin absorbs stress 
(thermal stress) applied to the external terminals. It 
should be noted that this stress is generated by the 
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difference in the coefficients of thermal expansion of the 
semiconductor device and the circuit board on which the 
semiconductor device is mounted. 

However, since it is difficult to form a thick layer 
5 of the resin disposed between the semiconductor chip and 
the substrate, thermal stress has not been adequately 
absorbed. 

DISCLOSURE OF THE INVENTION 

10 The present invention solves this problem, and has as 

its objective the provision of a semiconductor device 
capable of effectively absorbing thermal stress and a 
method of manufacture thereof, a circuit board and an 
electronic instrument . 

15 (1) A semiconductor device of the present invention 

comprises : 

a semiconductor element having a plurality of 
electrodes ; 

an interconnect pattern electrically connected to the 
20 electrode; and 

external terminals electrically connected to the 
interconnect pattern; 

wherein a plurality of insulating layers are formed 
around the external terminals on the interconnect pattern. 
25 In the present invention, a semiconductor element 

includes not only individual semiconductor chips, but also 
each element of a set of elements before cutting into a 
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plurality of semiconductor chips (for example a 
semiconductor wafer or the like). 

According to this aspect of the present invention, 
stress applied to the external terminals can be more easily 
5 dispersed by the plurality of insulating layers. 

It should be noted that in the present invention, the 
plurality of insulating layers may be not only two layers, 
but also a greater number of layers . 

(2) In this semiconductor device, at least one of the 
10 plurality of insulating layers may have a stress relieving 

function. 

This makes it possible to absorb stress applied to 
the external terminals by the insulating layer. 

(3) In this semiconductor device, at least one of the 
15 plurality of insulating layers may be formed of a resin. 

(4) In this semiconductor device, the insulating 
layers may contact the external terminals at opening 
portions each of which has an inclined surface providing a 
taper increasing in size from a lower layer to a higher 

20 layer of the insulating layers. 

If the inner surface of the opening portion is an 
inclined surface, a contacting area between the external 
terminal and insulating layers is large, and stress can be 
absorbed. 

25 (5) In this semiconductor device, each of the 

external terminals may include a base and a connection 
portion provided on the base; and the base may be provided 
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in an opening portion through which each of the external 
terminals contacts the insulating layers- 

Since the base contacts the plurality of insulating 
layers, stress can be relieved. 
5 (6) In this semiconductor device, the insulating 

layers may contact the external terminals at opening 
portions each of which is formed with a curved surface* 

In particular, if the base is formed on the inner 
surface of the opening portion, there is no corner on the 
10 opening extremity, and therefore base breakage can be 
prevented. 

(7) In this semiconductor device, the interconnect 
pattern may be formed on a stress relieving layer formed 
below the plurality of insulating layers. 

15 This makes it possible to absorb stress more 

effectively. 

(8) In this semiconductor device, the uppermost layer 
of the insulating layers may be formed over the whole 
surface of the second layer of the insulating layers from 

20 the uppermost layer except for an area of the external 
terminals . 

(9) In this semiconductor device, the uppermost layer 
of the insulating layers may have an area smaller than the 
area of a second layer of the insulating layers from the 

25 uppermost layer. 

(10) In this semiconductor device, the insulating 
layers may include an upper layer and a lower layer of 
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different characteristics . 

In more detail, the stress applied to the external 
terminals is generated by the difference between the 
coefficients of thermal expansion of the circuit board on 
5 which the semiconductor device is mounted and the 
semiconductor element. Generally, since the coefficient of 
thermal expansion of the circuit board is greater, its 
expansion and contraction is greater, and since the 
coefficient of thermal expansion of the semiconductor 

10 element is smaller, its expansion and contraction is 
smaller. Therefore, the lower insulating layer closer to 
the semiconductor element can have its characteristics such 
as to correspond to the fact that the expansion and 
contraction of the semiconductor element is small. On the 

15 other hand, the upper insulating layer closer to the 
circuit board can have its characteristics such as to 
correspond to the fact that the expansion and contraction 
of the circuit board is large. By using upper and lower 
insulating layers having different characteristics, a 

20 deterioration of quality due to stress can be prevented. 

(11) In this semiconductor device, the coefficient of 
thermal expansion of the upper layer of the insulating 
layers may be greater than the coefficient of thermal 
expansion of the lower layer of the insulating layers. 

25 In more detail, the stress applied to the external 

terminals is generated by the difference between the 
coefficients of thermal expansion of the circuit board on 
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which the semiconductor device is mounted and the 
semiconductor element. Generally, since the coefficient of 
thermal expansion of the circuit board is greater, its 
expansion and contraction is greater, and since the 
5 coefficient of thermal expansion of the semiconductor 
element is smaller, its expansion and contraction is 
smaller. Therefore, the lower insulating layer closer to 
the semiconductor element can have its coefficient of 
thermal expansion small to correspond to the fact that the 

10 expansion and contraction of the semiconductor element is 
small. On the other hand, the upper insulating layer closer 
to the circuit board can have its coefficient of thermal 
expansion large to correspond to the fact that the 
expansion and contraction of the circuit board is large. By 

15 using upper and lower insulating layers having different 
characteristics, a deterioration of quality due to stress 
can be prevented. 

(12) In this semiconductor device, the Young's 
modulus of the lower layer of the insulating layers may be 

20 greater than the Young's modulus of the upper layer of the 
insulating layers. 

The stress applied to the external terminals is, in 
more detail, generated by the difference between the 
coefficients of thermal expansion of the circuit board on 

25 which the semiconductor device is mounted and the 
semiconductor element. Generally, since the coefficient of 
thermal expansion of the circuit board is greater, its 
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expansion and contraction is greater, and since the 
coefficient of thermal expansion of the semiconductor 
element is smaller, its expansion and contraction is 
smaller. Therefore, the lower insulating layer closer to 
the semiconductor element can have its Young's modulus 
larger, to correspond to the fact that the expansion and 
contraction of the semiconductor element is small. On the 
other hand, the upper insulating layer closer to the 
circuit board can have a smaller Young's modulus, to 
correspond to the fact that the expansion and contraction 
of the circuit board is larger. By using upper and lower 
insulating layers having different characteristics, a 
deterioration of quality due to stress can be prevented. 

(13) A semiconductor device of the present invention 
comprises : 

a semiconductor element having a plurality of 
electrodes ; 

an interconnect pattern electrically connected to the 
electrodes ; and 

external terminals electrically connected to the 
interconnect pattern, 

wherein the interconnect pattern is formed on an 
insulating layer which is formed of at least one layer and 
has protrusions and depressions; and 

wherein the external terminals are formed in the 
depressions . 

In the present invention, a semiconductor element 



includes not only individual semiconductor chips, but also 
each element of a set of elements before cutting into a 
plurality of semiconductor chips (for example a 
semiconductor wafer or the like). 
5 According to this aspect of the present invention, 

the interconnect pattern is formed on the insulating layer, 
and moreover, is electrically connected to the external 
terminals in the depressions. That is to say, the 
electrical connection between the interconnect pattern and 

10 the external terminals is positioned on the insulating 
layer. Thus, the electrical connection between the 
interconnect pattern and the external terminals can be 
effectively ensured. Since the interconnect pattern is 
formed on the insulating layer, breakage can be prevented. 

15 Furthermore, the interconnect pattern is formed on the 
insulating layer, and is distanced from the semiconductor 
element. Therefore, signals within the integrated circuit 
of the semiconductor element and signals within the 
interconnect pattern are not prone to interfere, and 

20 crosstalk can be reduced. 

(14) In this semiconductor device, the insulating 
layer may have a stress relieving function. 

This makes it possible to absorb stress applied to 
the electrical connection between the interconnect pattern 
25 and the external terminals by the insulating layer. 

(15) In this semiconductor device, the insulating 
layer may be formed of a resin. 
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(16) In this semiconductor device, each of the 
external terminals may include a base and a connection 
portion provided on the base, and the base and the 
interconnect pattern may be constructed as a single member. 

5 By this means, since part of each external terminal 

and the interconnect pattern are formed integrally, the 
occurrence of electrical resistance between the two can be 
prevented . 

(17) In this semiconductor device, each of the 
10 depressions may be formed to have an opening extremity 

larger than the bottom. 

According to this, since the inner surface of each 
depression is an inclined surface, the area of contact 
between each external terminal and insulating layer is 
15 large, and stress can be absorbed. 

(18) In this semiconductor device, the insulating 
layer may include an upper layer and a lower layer of 
different characteristics. 

(19) In this semiconductor device, the insulating 
20 layer may be formed on the semiconductor element, and the 

coefficient of thermal expansion of the lower layer may be 
smaller than the coefficient of thermal expansion of the 
upper layer. 

The stress applied to the external terminals is, in 
25 more detail, generated by the difference in the 
coefficients of thermal expansion of the circuit board 
(motherboard) on which the semiconductor device is mounted 
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and the semiconductor element. Generally, since the 
coefficient of thermal expansion of the circuit board is 
greater, its expansion and contraction is greater, and 
since the coefficient of thermal expansion of the 
5 semiconductor element is smaller, its expansion and 
contraction is smaller* Therefore, the lower layer closer 
to the semiconductor element can have its coefficient of 
thermal expansion small as appropriate to the semiconductor 
element. On the other hand, the upper layer closer to the 
10 circuit board can have its coefficient of thermal expansion 
large, as appropriate to the circuit board. By using a 
plurality of layers having different characteristics, the 
stress can be effectively absorbed. 

(20) In this semiconductor device, a protective film 
15 may be formed on the uppermost layer of the semiconductor 

device. 

(21) According to the present invention, there is 
provided a circuit board on which the above described 
semiconductor device is mounted. 

20 (22) According to the present invention, there is 

provided a circuit board on which the above described 
semiconductor device is mounted. 

(23) An electronic instrument of the present 
invention has the above described semiconductor device. 
25 (24) An electronic instrument of the present 

invention has the above described semiconductor device. 

(25) A method of manufacture of a semiconductor 
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device of the present invention comprises the steps of: 
forming an interconnect pattern electrically connected to a 
plurality of electrodes of a semiconductor element; forming 
external terminals on the interconnect pattern; and forming 
5 a plurality of insulating layers around the external 
terminals, over the interconnect pattern. 

In the present invention, a semiconductor element 
includes not only individual semiconductor chips, but also 
each element of a set of elements before cutting into a 

10 plurality of semiconductor chips (for example a 
semiconductor wafer or the like). That is to say, the 
present invention may be applied to the embodiment of a set 
of elements such as a semiconductor wafer. 

According to the semiconductor device manufactured by 

15 the method of the present invention, stress applied to the 
external terminals can be more easily dispersed. 

It should be noted that in the present invention, the 
plurality of insulating layers may be not only two layers, 
but also a greater number of layers. 

20 (26) In the step of forming the insulating layers of 

this method of manufacture, opening portions which are used 
for contacting the external terminals and constituted by 
first and second holes may be formed in the insulating 
layers which include first and second insulating layers; in 

25 this step, the first insulating layer is formed, the first 
holes are formed in the first insulating layer, the second 
insulating layer is formed over the first holes and the 
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first insulating layer, and the second holes are formed in 
the second insulating layer over the first holes; and the 
external terminals may be formed after forming the 
insulating layers . 
5 According to this, by repeating the steps of forming 

a single insulating layer and forming holes therein, a 
plurality of insulating layers having opening portions can 
be formed. By laminating the plurality of insulating layers, 
in total a thick insulating layer is formed. It is 

10 difficult to directly form opening portions in a single 
thick insulating layer, but by applying this method, a 
construction substantially equivalent to a single thick 
insulating layer can be obtained. 

(27) In this method of manufacture of a semiconductor 

15 device, at least one of the plurality of insulating layers 
may be formed to have a stress relieving function. 

This makes it possible to manufacture a semiconductor 
device in which stress applied to the external terminals is 
absorbed by the insulating layer. 

20 (28) In this method of manufacture of a semiconductor 

device, at least one of the plurality of insulating layers 
may be formed of a resin. 

(29) In this method of manufacture of a semiconductor 
device, the insulating layers may be formed to include an 

25 upper layer and a lower layer of different characteristics. 

In the semiconductor device fabricated in this way, 
the stress applied to the external terminals is, in more 
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detail, generated by the difference between the 
coefficients of thermal expansion of the circuit board on 
which the semiconductor device is mounted and the 
semiconductor element. Generally, since the coefficient of 
5 thermal expansion of the circuit board is greater, its 
expansion and contraction is greater, and since the 
coefficient of thermal expansion of the semiconductor 
element is smaller, its expansion and contraction is 
smaller. Therefore, the lower insulating layer closer to 

10 the semiconductor element can have its characteristics such 
as to correspond to the fact that the expansion and 
contraction of the semiconductor element is small. On the 
other hand, the upper insulating layer closer to the 
circuit board can have its characteristics such as to 

15 correspond to the fact that the expansion and contraction 
of the circuit board is large. By using upper and lower 
insulating layers having different characteristics, a 
deterioration of quality due to stress can be prevented. 

(30) In this method of manufacture of a semiconductor 

20 device, the Young's modulus of the lower layer of the 
insulating layers may be made larger than the Young's 
modulus of the upper layer of the insulating layers. 

In the semiconductor device fabricated in this way, 
the stress applied to the external terminals is, in more 

25 detail, generated by the difference between the 
coefficients of thermal expansion of the circuit board on 
which the semiconductor device is mounted and the 
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semiconductor element. Generally, since the coefficient of 
thermal expansion of the circuit board is greater, its 
expansion and contraction is greater, and since the 
coefficient of thermal expansion of the semiconductor 
5 element is smaller, its expansion and contraction is 
smaller. Therefore, the lower insulating layer closer to 
the semiconductor element can have its Young's modulus 
larger, to correspond to the fact that the expansion and 
contraction of the semiconductor element is small. On the 

10 other hand, the upper insulating layer closer to the 
circuit board can have a smaller Young's modulus, to 
correspond to the fact that the expansion and contraction 
of the circuit board is larger. By using upper and lower 
insulating layers having different characteristics, a 

15 deterioration of quality due to stress can be prevented. 

(31) In this method of manufacture of a semiconductor 
device, the coefficient of thermal expansion of the upper 
layer of the insulating layers may be made larger than the 
coefficient of thermal expansion of the lower layer of the 

20 insulating layers. 

In the semiconductor device fabricated in this way, 
the stress applied to the external terminals is, in more 
detail, generated by the difference between the 
coefficients of thermal expansion of the circuit board on 

25 which the semiconductor device is mounted and the 
semiconductor element. Generally, since the coefficient of 
thermal expansion of the circuit board is greater, its 
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expansion and contraction is greater, and since the 
coefficient of thermal expansion of the semiconductor 
element is smaller, its expansion and contraction is 
smaller. Therefore, the lower insulating layer closer to 
5 the semiconductor element can have its coefficient of 
thermal expansion small, to correspond to the fact that the 
expansion and contraction of the semiconductor element is 
small- On the other hand, the upper insulating layer closer 
to the circuit board can have its coefficient of thermal 

10 expansion large, to correspond to the fact that the 
expansion and contraction of the circuit board is larger. 
By using upper and lower insulating layers having different 
characteristics, a deterioration of quality due to stress 
can be prevented. 

15 (32) A method of manufacture of a semiconductor 

device of the present invention comprises the steps of: 

forming an insulating layer on a semiconductor 
element, the insulating layer comprising at least one layer 
and having protrusions and depressions; 

20 forming an interconnect pattern on the insulating 

layer, the interconnect pattern being connected to a 
plurality of electrodes of the semiconductor element; and 

forming external terminals in the depressions, the 
external terminals being electrically connected to the 

25 interconnect pattern. 

In the present invention, a semiconductor element 
includes not only individual semiconductor chips, but also 
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each element of a set of elements before cutting into a 
plurality of semiconductor chips (for example a 
semiconductor wafer or the like). That is to say, the 
present invention may be applied to the embodiment of a set 
5 of elements such as a semiconductor wafer* 

According to this aspect of the present invention 
the interconnect pattern is formed on the insulating layer, 
and moreover, is electrically connected to the external 
terminals in the depressions. That is to say, the 

10 electrical connection between the interconnect pattern and 
the external terminals is positioned on the insulating 
layer. Thus, the electrical connection between the 
interconnect pattern and the external terminals can be 
effectively ensured. Since the interconnect pattern is 

15 formed on the insulating layer, breakage can be prevented. 
Furthermore, the interconnect pattern is formed on the 
insulating layer, and is distanced from the semiconductor 
element. Therefore, signals within the integrated circuit 
of the semiconductor element and signals within the 

20 interconnect pattern are not prone to interfere, and 
crosstalk can be reduced. 

(33) In this method of manufacture of a semiconductor 
device, a base which is a bottom portion of each of the 
external terminals may be formed on an inner surface of 

25 each of the depressions, as a single member with the 
interconnect pattern; and each of the external terminals 
may be formed by providing a connection portion on the base. 
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since the interconnect pattern and base are 
integrally formed, both can be formed in a single operation. 
In this case, the occurrence of electrical resistance 
between a part of each external terminal and the 
5 interconnect pattern can be prevented. 

(34) In this method of manufacture of a semiconductor 
device, the insulating layer may be formed to have a stress 
relieving function . 

This makes it possible to absorb stress applied to 
10 the electrical connection between the interconnect pattern 
and the external terminals by the insulating layer. 

(35) In this method of manufacture of a semiconductor 
device, the insulating layer may be formed of a resin. 

(36) In this method of manufacture of a semiconductor 
15 device, a protective film may be formed on the uppermost 

layer of the semiconductor device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view of a first embodiment of 
20 the semiconductor device of the present invention. 

Fig. 2 is a plan view of the first embodiment of the 
semiconductor device of the present invention. 

Fig. 3 shows a method of manufacture of the first 
embodiment of the semiconductor device of the present 
25 invention. 

Fig. 4 shows the method of manufacture of the first 
embodiment of the semiconductor device of the present 
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invention. 

Fig. 5 shows the method of manufacture of the first 

embodiment of the semiconductor device of the present 
invention. 

5 Fig. 6 shows the method of manufacture of the first 

embodiment of the semiconductor device of the present 
invention. 

Fig. 7 shows the method of manufacture of the first 

embodiment of the semiconductor device of the present 
10 invention. 

Fig. 8 shows the method of manufacture of the first 

embodiment of the semiconductor device of the present 
invention. 

Fig. 9 shows the method of manufacture of the first 

15 embodiment of the semiconductor device of the present 
invention. 

Fig. 10 shows a second embodiment of the 
semiconductor device of the present invention. 

Fig. 11 shows a third embodiment of the semiconductor 
20 device of the present invention. 

Fig. 12 shows a fourth embodiment of the 
semiconductor device of the present invention. 

Fig. 13 is a sectional view showing a fifth 

embodiment of the semiconductor device of the present 
25 invention. 

Fig. 14 is a plan view showing the fifth embodiment 
of the semiconductor device of the present invention. 
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Fig* 15 shows a sixth embodiment of the semiconductor 
device of the present invention. 

Fig* 16 is a sectional view showing a seventh 
embodiment of the semiconductor device of the present 
5 invention . 

Fig* 17 is a plan view showing the seventh embodiment 
of the semiconductor device of the present invention* 

Fig* 18 shows an eighth embodiment of the 
semiconductor device of the present invention* 
10 Fig* 19 shows a ninth embodiment of the semiconductor 

device of the present invention. 

Fig* 20 shows a tenth embodiment of the semiconductor 
device of the present invention. 

Fig* 21 shows a circuit board on which is mounted the 
15 semiconductor device of the present embodiment. 

Fig* 22 shows an electronic instrument which includes 
the semiconductor device of the present embodiment. 

BEST MODE FOR CARRYING OUT THE INVENTION 
20 The present invention is now described in terms of a 

number of preferred embodiments, with reference to the 
drawings . 

First Embodiment 

25 Fig* 1 shows a first embodiment of the semiconductor 

device* This semiconductor device 1 comprises a 
semiconductor chip 10, an interconnect pattern 20, an 
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external terminal 30;. and a plurality of insulating layers 
41^ 42, and 43. The semiconductor device 1 has a package 
size approximately equal to the size of the semiconductor 
chip 10, and can therefore be classed as CSP, or can also 
5 be termed a flip chip equipped with a stress relieving 
function. 

On one surface (the active surface) of the 
semiconductor chip 10 is formed a plurality of electrodes 
12. when the plan form of the semiconductor chip 10 is a 

10 rectangle (a square or an oblong) the plurality of 
electrodes 12 is formed along at least one side (including 
a pair of opposing sides and all sides). Alternatively, the 
plurality of electrodes 12 may be formed in the center of 
one surface of the semiconductor chip 10. On the 

15 semiconductor chip 10 avoiding the electrodes 12 is formed 
a passivation film of SiN, SlO^, MgO, or the like. The 
passivation film is an electrical insulating film. 

The interconnect pattern 20 is formed on the surface 
of the semiconductor chip 10 on which the electrodes 12 are 

20 formed, and is electrically connected to the electrodes 12. 
The interconnect pattern 20 is commonly formed from 
multiple layers. For example, the interconnect pattern 20 
can be formed by laminating any of copper (Cu), chromium 
(Cr), titanium (Ti), nickel (Ni), titanium-tungsten (Ti-W), 

25 gold (Au), aluminum (Al), nickel-vanadium (NiV), and 
tungsten (W) . When the electrodes 12 are formed on the 
periphery of the semiconductor chip 10, the interconnect 
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pattern 20 is brought in toward the center of the 
semiconductor chip 10. 

The external terminals 30 are formed on the 
interconnect pattern 20, avoiding the electrodes 12. Since 
5 the electrodes 12 are avoided, stress applied to the 
external terminals 30 is not directly applied to the 
electrodes 12. The external terminal 30 is formed of a base 
32 and a connection portion 34. The connection portion 34 
is for example a solder ball, and is used for electrical 

10 bonding with a circuit board. The base 32 is formed to be 
depressed in the central portions, so as to easily accept 
the connection portion 34. The base 32 may also be formed 
of multiple layers, and can be formed of the materials 
which can be selected for the interconnect pattern 20. 

15 The plurality of insulating layers 41, 42, and 43 are 

formed by lamination, and between the layers may be 
interposed other layers. The insulating layers 41, 42, and 
43 are each provided around a part of the respective 
external terminals 30. In more detail, a part of the 

20 external terminal 30 (for example a part of the base 32) is 
bonded to the interconnect pattern 20, and the lowest 
insulating layer 41 is provided around the lower extremity 
of the base 32. The highest insulating layer 43 is 
provided around the upper extremity of the base 32. Then at 

25 least one insulating layer 42 is formed in the intermediate 
portion of the base 32, between the lowest insulating 
layer 41 and the highest insulating layer 43. 
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At least one of the insulating layers 41, 42, and 43 
may have a stress relieving function. The insulating layers 
41, 42, and 43 can be formed of polyimide resin, silicone 
denatured polyimide resin, epoxy resin, silicone denatured 
5 epoxy resin, benzocyclobutene (BCB), polybenzoxazole (PBO), 
or the like. It should be noted that the lowest insulating 
layer 41 is formed over the electrodes 12, interconnect 
pattern 20 and a passivation film not shown in the drawings. 
The highest insulating layer 43 is, formed over the entire 

10 surface of the second insulating layer 42 from the top, 
except for the region of the external terminals 30. 

In the lowest insulating layer 41 is formed a 
plurality of holes 44. The holes 44 are formed over the 
interconnect pattern 20, at the positions for connection 

15 with the external terminals 30. The inner surface of the 
holes 44 is an inclined surface, providing a taper such 
that the opening extremity is larger than the bottom. The 
opening extremity of the holes 44 is formed as a curved 
surface. 

20 In an intermediate layer 42, for example the second 

insulating layer from the bottom are formed holes 46. These 
holes 46 are formed over the holes 44 in the lowest 
insulating layer 41. The inner surface of the holes 46 is 
an inclined surface, providing a taper such that the 

2 5 opening extremity is larger than the bottom. 

In the highest insulating layer 43, a plurality of 
holes 4 8 are formed. These holes 4 8 are formed over the 
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holes 44 in the lowest insulating layer 41 and the holes 
46 in the intermediate insulating layer 42. 

In this embodiment, compared with the first hole 
formed in the first insulating layer, the second hole 
5 formed in the second insulating layer and positioned above 
is larger. Here the first and second insulating layers 
indicate any two of the above described plurality of 
insulating layers 41, 42, and 43. 

For example, the lowest insulating layer 41 can be 

10 defined as the first insulating layer, and the insulating 
layer 42 thereon defined as the second insulating layer. In 
this case, compared with the first holes 44 formed in the 
first insulating layer 41, the second holes 46 formed in 
the second insulating layer 42 are larger. The intermediate 

15 insulating layer 42 can be defined as the first insulating 
layer, and the insulating layer 43 thereon defined as the 
second insulating layer. In this case, compared with first 
holes 46 formed in the first insulating layer 42, the 
second holes 48 formed in the second insulating layer 43 

20 are larger. 

The holes 44, 46, and 48 formed in the plurality of 
insulating layers 41, 42, and 43 are communicating, and 
form an opening portion 40. The opening portion 40 opens 
over the interconnect pattern 20. Since the holes 44, 46, 

25 and 48 increase in size from the bottom up, the opening 
portion 40 forms a shape which widens from the bottom 
toward the opening extremity. In more detail, since the 
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communicating holes 44, 46, and 48 formed in the plurality 
of insulating layers 41, 42, and 43 are of different sizes,, 
the opening portion 40 has a stepped form. 

A part of the external terminal 30 (for example the 
5 base 32) is provided to contact the inner surface of the 
opening portion 40. Since the opening portion 40 has a 
stepped form, stress applied to the external terminals 30 
is dispersed and absorbed. Corresponding to the inclination 
of the inner surfaces of the holes 44, 46, and 48, the side 

10 surface of the base 32 is also inclined. In more detail, 
the base 32 has the form of an inverted frustum (inverted 
frustum of a cone, inverted frustum of a pyramid). By 
virtue of this, the area of contact between the base 32 and 
the holes 44, 46, and 48 is increased, and therefore the 

15 adhesion properties between the two are improved. Further, 
the opening extremity of the holes 44, 46, and 4 8 is formed 
as a curved surface, and since there are no corners, the 
base 32 is not subject to breakage. 

Since the lateral surface of the external terminals 

20 30 (for example the lateral surface of the base 32) is 
inclined, as seen from a direction along a perpendicular to 
the surface of the semiconductor chip 10, a part of the 
insulating layers 41, 42, and 43 is positioned between a 
part of the respective external terminal 30 and the 

25 semiconductor chip 10. In more detail, a part of the 
external terminal 3 0 (for example a part of the base 32) is 
bonded to the interconnect pattern 20, and between the part 
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excluding this part and the semiconductor chip 10 is 
provided a part of the insulating layers 41^ 42, and 43, 

Fig* 2 is a plan view of this embodiment of the 
semiconductor device. In this figure, the interconnect 
5 pattern 20 is formed from the electrodes 12 of the 
semiconductor chip 10 toward the center of the active 
surface, and the interconnect pattern 20 is provided with 
the external terminals 30. 

It should be noted that as shown in this figure, the 

10 external terminals 3 0 are not over the electrodes 12 of the 
semiconductor chip 10, but are provided in the active 
region of the semiconductor chip 10 (the region in which 
the active elements are formed) . By providing the 
insulating layers 41, 42, and 43 (see Fig. 1) in the active 

15 region, and further disposing (drawing in) the interconnect 
pattern 20 within the active region, the external terminals 
3 0 can be provided within the active region. That is to say, 
a pitch conversion can be carried out. Since the active 
region having a certain area can be used as a region for 

20 the external terminals 30, a degree of flexibility in 
disposing the external terminals 3 0 is improved. 

Then by bending the interconnects constituting the 
interconnect pattern 20 at the required positions, the 
external terminals 30 can be provided in a lattice. It 

25 should be noted that this is not an essential construction 
of the present invention, and therefore the external 
terminals 3 0 do not necessarily have to be disposed in a 
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lattice. 

In comparing the width of the electrodes 12 and the 
width of the interconnect pattern 20, preferably the 
following holds: 

5 

width of electrodes 12 S width of interconnect pattern 20. 

In particular, in the case that the following holds: 

10 width of electrodes 12 < width of interconnect pattern 20, 

not only is the resistance of the interconnect pattern 20 
reduced, but also line breakage can be prevented, since the 
strength is increased. 

15 Next the method of manufacture of this embodiment of 

the semiconductor device is described. Figs. 3 to 8 show 
the stages in forming the plurality of insulating layers. 
It should be noted that the present invention can be 
applied to an individual semiconductor element such as the 

2 0 semiconductor chip 10, but in the description of this 
embodiment a semiconductor wafer 11 is used, being a 
plurality of semiconductor elements taken as a set. Then an 
example will be described of the present invention applied 
to the respective semiconductor elements which will be 

25 separated into the individual semiconductor chips 10. This 
applies equally to the embodiments below. 

First, a semiconductor wafer 11 (see Fig. 9) is taken. 
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which has a plurality of electrodes 12, and on which a 
passivation film (not shown in the drawings) is formed to 
avoid the electrodes 12. The interconnect pattern 20 is 
then formed to be connected to the electrodes 12* The 
5 interconnect pattern 20 may be formed on the semiconductor 
wafer 11 or, more specifically, on a passivation film. 

Next, the plurality of insulating layers 41, 42, and 
43 are formed, and communicating holes 44, 46, and 4 8 are 
formed to form the opening portion 40. This process 
10 includes the following first to fourth steps. 

First step 

As shown in Fig. 3, the insulating layer 41 is formed. 
When the insulating layer 41 is positioned as the lowest 

15 layer, it is formed on the surface of the semiconductor 
wafer 11 on which the electrodes 12, passivation film (not 
shown in the drawings), and interconnect pattern 20 are 
formed. As the material of the insulating layer 41 can be 
used a resin whose properties change in response to energy 

20 (light, ultraviolet rays, radiation or the like), such as a 
photopolymer . The material of the insulating layer 41 may 
be such as, when energy is radiated thereon, to increase 
solubility (positive type), or to decrease solubility 
(negative type). 

25 

Second step 

As shown in Fig. 4, a hole 44 is formed in the 
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insulating layer 41. For example, as shown in Fig. 3, a 
mask 50 in which an opening 51 is formed is disposed over 
the insulating layer 41, energy 60 is irradiated, and by 
subsequent development the hole 44 is formed. When the 
5 insulating layer 41 is such that when energy is irradiated 
the solubility increases, the opening 51 is disposed above 
the region for foxming the hole 44. When the insulating 
layer 41 is such that when energy is irradiated the 
solubility decreases, the region corresponding to the hole 

10 44 is covered, and the opening 51 is disposed above the 
remaining region. When applying the above described energy 
irradiation technology (optical exposure technology or the 
like), since energy passes around the opening 51 in the 
mask 50, the opening extremities of the hole 44 are formed 

15 as a curved surface. 

Third step 

As shown in Fig. 5, over the insulating layer 41, the 
insulating layer 42 is formed. It should be noted that the 

20 lower insulating layer 41 can be defined as the first 
insulating layer, and the insulating layer 42 thereon can 
be defined as the second insulating layer. The hole 44 
formed in the insulating layer 41 is also filled with the 
material of the insulating layer 42. This step is 

25 preferably carried out after the insulating layer 41 has 
been cured. 

The material of the insulating layer 42 positioned 
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above is preferably such that when energy is irradiated the 
solubility decreases. 

Fourth step 

5 As shown in Fig. 6, the hole 46 is formed in the 

insulating layer 42 • The hole 46 is formed so as to 
communicate with the hole 44 formed in the lower insulating 
layer 41. The lower hole 44 can be can be defined as the 
first hole, and the hole 46 thereon can be defined as the 

10 second hole. The second hole 46 is formed to be larger than 
the first hole 44. To form the second hole 46, a method of 
irradiating energy can be applied. When the material of the 
second insulating layer 42 is such that when energy is 
irradiated the solubility decreases, for example, the step 

15 shown in Fig. 5 is carried out. That is to say, a mask 52 
covering only over the first hole 44 is disposed over the 
second insulating layer 42, and energy 60 is irradiated. By 
doing this, in the region in which the irradiation of the 
energy 60 is obstructed by the mask 52 the solubility is 

2 0 not decreased, and therefore removal by subsequent 
development is possible. The part of the material of the 
second insulating layer 42 which has filled the first hole 
44 formed in the first insulating layer 41 can also be 
removed. In this way, the second hole 46 is formed in the 

25 second insulating layer 42. The opening extremity of the 
second hole 4 6 is formed with a curved surface because of 
the bending of energy around the mask 52 . 
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It should be noted that over the first hole 44 the 
material of the second insulating layer 42 is not of 
uniform thickness, but over the first insulating layer 41 
the material of the second insulating layer 42 is of 
5 uniform thickness. Therefore, in the region other than over 
the first hole 44, energy 60 is irradiated uniformly over 
the material of the second insulating layer 42, and in this 
region the material of the second insulating layer 42 can 
be uniformly cured. On the other hand, over the first hole 
10 44 the material of the second insulating layer 42 is 
uniformly protected from the irradiation of the energy 60 
by the mask 52. Then, of the material of the second 
insulating layer 42, the portion disposed over the first 
hole 44 can all be removed. 

15 

Subsequent steps 

When forming further insulating layers over the above 
described first and second insulating layers 41 and 42, the 
above described process is repeated. For example, as shown 

20 in Fig. 7, over the insulating layer 42, the insulating 
layer 43 is formed. 

For these two insulating layers 42 and 43, the lower 
insulating layer 4 2 can be defined as the first insulating 
layer, and the insulating layer 43 thereon can be defined 

25 as the second insulating layer. The hole 46 formed in the 
lower insulating layer 42 is also filled with the material 
of the insulating layer 43. This process is preferably 



30 



carried out after the insulating layer 42 has been cured. 

The material of the insulating layer 43 disposed at 
the top is preferably such that when energy is irradiated 
the solubility decreases. 
5 As shown in Fig. 8, a hole 48 is formed in the 

insulating layer 43. The hole 48 is formed to communicate 
with the hole 46 formed in the lower insulating layer 42. 
The lower hole 46 can be defined as the first hole, and the 
hole 4 8 thereabove can be defined as the second hole. The 

10 second hole 48 is formed to be larger than the first hole 
46. To form the second hole 48, a method of irradiating 
energy can be applied. When the material of the second 
insulating layer 43 is such that when energy is irradiated 
the solubility decreases, for example, the step shown in 

15 Fig. 7 is carried out. That is to say, a mask 54 covering 
only the first hole 4 6 is disposed over the second 
insulating layer 43, and energy 60 is irradiated. By doing 
this, in the region in which the irradiation of the energy 
60 is obstructed by the mask 54 the solubility is not 

2 0 decreased, and therefore removal by subsequent development 
is possible. The part of the material of the second 
insulating layer 43 which has filled the first hole 46 
formed in the first insulating layer 42 can also be removed. 
In this way, the second hole 48 is formed in the second 

25 insulating layer 43. The opening extremity of the second 
hole 48 is formed with a curved surface because of the 
bending of energy around the mask 54. 
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It should be noted that over the first hole 46 the 
material of the second insulating layer 43 is not of 
uniform thickness, but over the first insulating layer 42 
the material of the second insulating layer 43 is of 
5 uniform thickness. Therefore, in the region other than over 
the first hole 46 energy 60 is irradiated uniformly over 
the material of the second insulating layer 43, and in this 
region the material of the second insulating layer 43 can 
be uniformly cured. On the other hand, over the first hole 

10 4 6 the material of the second insulating layer 43 is 
uniformly protected from the irradiation of the energy 60 
by the mask 54. Then, of the material of the second 
insulating layer 43 the portion disposed over the first 
hole 46 can all be removed. 

15 By the above process, the communicating holes 44, 46, 

and 48 are formed in the plurality of insulating layers 41, 
42, and 43, and the opening portion 4 0 can be formed. That 
is to say, substantially the same construction as the 
opening portion 40 formed in an insulating layer formed of 

20 a thick single layer can be obtained. For example, if the 
thickness of each of the insulating layers 41, 42, and 43 
is of the order of 20 /jm, then a layer with a total 
thickness of the order of 60 ^m can be formed and the 
opening portion 40 formed. The detail of the construction 

25 of the holes 44, 46, and 48 and opening portion 40 and 
their effect are as described above. 

According to this embodiment, for each of the single 
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layers of the plurality of insulating layers 41, 42, and 43, 
corresponding holes 44, 46, and 48 are formed. Moreover, 
since the hole formed in an upper layer is larger than the 
hole formed in a lower layer, even if an energy irradiation 
5 technology such as an optical exposure technology is 
applied, a high precision opening portion 40 can be formed. 
Alternatively, after forming the plurality of insulating 
layers 41, 42, and 43, a laser may be used to form the 
opening portion 40. 

10 The opening portions 40 open over the interconnect 

pattern 20. As shown in Fig. 9, the external terminals 3 0 
are provided on the interconnect pattern 2 0 through the 
opening portions 40. A part of the external terminal 30 
(for example the base 32) is provided to contact the inner 

15 surface of the opening portion 40. For example, the base 32 
is formed integrally by sputtering, not only on the 
interconnect pattern 20, but also on the inner surface of 
the opening portion 40. When the base 32 is provided, a 
connection portion 34 such as a solder ball or the like is 

20 provided thereon. Alternatively, by providing solder cream 
on the base 32, this may be fused, and formed into a ball 
by surface tension. If required, on the insulating layer 43 
a further protective layer may be formed. 

The semiconductor wafer 11 shown in Fig. 9 can also 

25 be termed a semiconductor device, but by dicing the 
semiconductor wafer 11, the semiconductor device 1 shown in 
Fig. 1 can be obtained. 
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Second Embodiment 

Fig. 10 shows a second embodiment of the 
semiconductor device of the present invention. A 
5 semiconductor device 2 differs from that of the first 
embodiment in that a highest insulating layer 62 is formed 
only around the external terminal 30, on the surface of the 
underlying insulating layer 42. In other respects this is 
the same as the first embodiment. It should be noted that 

10 in the insulating layer 62 is formed a hole 68 of the same 
construction as the hole 48 in the first embodiment. 
According to this embodiment, the highest insulating layer 
62 is small in plan view, and is therefore easily deformed, 
and more able to cope with stress stemming from thermal 

15 stress. 

Third Embodiment 

Fig. 11 shows a third embodiment of the semiconductor 

device of the present invention. A semiconductor device 3 
20 differs from that of the first embodiment in having a 

stress relieving layer 70 formed on a semiconductor chip 10, 

and an interconnect pattern 72 formed thereon. 

The stress relieving layer 7 0 can be formed of those 

of the materials which can be selected for the insulating 
25 layers 41, 42, and 43 which provide a stress relieving 

function. The stress relieving layer 7 0 is formed on the 

surface of the semiconductor chip 10 on which the 
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electrodes 12 are formed, so as to avoid the electrodes 12. 
In the stress relieving layer 70, over the electrode 12, a 
hole 7 4 is formed. On the inner surface of the hole 74 also, 
the interconnect pattern 7 2 is formed. The inner surface of 
5 the hole 74 is an inclined surface with a taper which makes 
the opening extremity larger than the bottom. As a result, 
the interconnect pattern 72 rises not perpendicularly but 
gently from the electrodes 12 to the top surface of the 
stress relieving layer 70. In this way, since the bending 

10 angle of the interconnect pattern 72 is gentle, breakage 
thereof is prevented. 

On the interconnect pattern 72, in addition to the 
provision of the external terminals 30, insulating layers 
41, 42, and 43 are formed. For the details thereof, the 

15 description of the first embodiment is applied. 

According to this embodiment, in addition to the 
effect described in the first embodiment, stress can also 
be relieved by the stress relieving layer 70. 

20 Fourth Embodiment 

Fig. 12 shows a fourth embodiment of the 
semiconductor device of the present invention. A 
semiconductor device 4 differs from that of the third 
embodiment in that a highest insulating layer 83 is formed 

25 only around the external terminal 30, on the surface of the 
underlying insulating layer 42. In other respects this is 
the same as the third embodiment. It should be noted that 
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in the insulating layer 83 is formed a hole 88 of the same 
construction as the hole 48 in the third embodiment* 
According to this embodiment, since the insulating layer 83 
is small in plan view, it is therefore easily deformed, and 
5 is more able to cope with stress stemming from thermal 
stress • 

Fifth Embodiment 

Fig. 13 shows a fifth embodiment of the semiconductor 

10 device. This semiconductor device 101 comprises a 
semiconductor chip 110, an insulating layer 120, an 
interconnect pattern 130, and external terminals 140, The 
semiconductor device 101 has a package size approximately 
equal to the size of the semiconductor chip 110 and can 

15 therefore be classed as CSP, or can also be termed a flip 
chip equipped with a stress relieving function. 

For the semiconductor chip 110 the description of the 
semiconductor chip 10 of the first embodiment is applied. 
Note that the passivation film 114 is not an essential 

20 element of the invention corresponding to this embodiment, 
but is preferably formed. 

The insulating layer 120 can be formed of a material 
described in the first embodiment. The insulating layer 120 
may have a stress relieving function. The insulating layer 

25 120 may be formed of a plurality of layers, and each of 
these layers may have different characteristics. For 
example, an upper layer 122 close to the external terminals 
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140 may have a coefficient of thermal expansion which is 
larger than the coefficient of thermal expansion of a lower 
layer 124 closer to the semiconductor chip 110. By this 
means, the coefficient of thermal expansion of the lower 
5 layer 124 closer to the semiconductor chip 110 approaches 
that of the semiconductor chip, and the coefficient of 
thermal expansion of the upper layer 122 closer to the 
circuit board (motherboard) approaches that of the circuit 
board, as a result of which the stress can be effectively 

10 absorbed* It should be noted that the stress applied to the 
external terminals 140 is, in more detail, generated by the 
difference between the coefficients of thermal expansion of 
the circuit board (motherboard) on which the semiconductor 
device 101 is mounted and the semiconductor chip 110. 

15 Generally, the coefficient of thermal expansion of the 
circuit board is greater, and thus its expansion and 
contraction is greater, while the coefficient of thermal 
expansion of the semiconductor chip 110 is smaller, and its 
expansion and contraction is smaller. 

20 The insulating layer 120 is formed on the surface on 

which electrodes 112 are formed, and is formed to avoid the 
electrodes 112. In some cases the insulating layer 120 may 
overhang a part of each electrode 112. However, the 
electrode 112 is required to be partially exposed, to the 

25 extent that the electrical function of the electrode 112 
can be fulfilled. That is to say, as long as there is an 
exposed part of the electrode 112 over which the insulating 
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layer 120 is not provided, other parts of the electrode 112 
may be coated with the insulating layer 12 0. Opening 
portions 126 are formed in the insulating layer 120 at the 
positions over the electrodes 112. Each of the opening 
5 portions 126 is of a form such that the opening extremity 
is larger than the bottom, and has an inclined inner 
surface. 

On the insulating layer 120, in a region avoiding the 
electrodes 112, a plurality of depressions 128 are formed. 

10 The depressions 128 are of a form such that the opening 
extremity is larger than the bottom, and have an inclined 
inner surface. The depressions 128 may be formed to 
communicate with the upper layer 122 and lower layer 124. 
The depressions 128 may penetrate to the surface of the 

15 semiconductor chip 110, and for example the passivation 
film 114 may be exposed. 

The interconnect pattern 130 is formed from the 
electrodes 112 to the insulating layer 120. In more detail, 
the interconnect pattern 13 0 is electrically connected to 

20 the electrodes 112 in the opening portion 126 formed in the 
insulating layer 120. To the interconnect pattern 130, the 
description of the interconnect pattern 20 of the first 
embodiment applies, if the inner surface of the opening 
portion 126 is inclined, then since the angle between the 

25 inner surface of the opening portion 126 and the surface of 
the insulating layer 120 is increased, breakage of the 
interconnect pattern 130 is prevented. 
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The external terminals 140 are provided in the 
depressions 128. Since the depressions 128 are formed to 
avoid being directly over the electrodes 112, stress 
applied to the external terminals 140 is less easily 
5 transmitted to the electrodes 112, Each external terminal 
140 comprises a base 142 and a connection portion 144. The 
connection portion 144, may be for example a solder ball, 
and is used for electrical bonding to the circuit board. 
The base 142 is in the form of an inverted frustum 

10 (inverted frustum of a cone, inverted frustum of a pyramid) 
corresponding to the form of the inner surface of the 
depressions 128. The base 142 is depressed in the center, 
in order more easily to accept the connection portion 144. 
The base 142 also may be formed of multiple layers, and can 

15 be formed of the materials which can be selected for the 
interconnect pattern 13 0, 

Since the interconnect pattern 13 0 is formed as far 
as the opening extremity of the depressions 128, at this 
opening extremity the interconnect pattern 130 and external 

20 terminals 140 are electrically connected. That is to say, 
since the connection between the external terminals 14 0 and 
the interconnect pattern 130 is positioned on the 
insulating layer 120, stress applied to this connection 
portion can also be absorbed by the insulating layer. If 

25 the inner surface of the depressions 128 is an inclined 
surface, the base 142 and interconnect pattern 130 are 
connected at a large angle, breakage of this portion is 
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prevented. It should be noted that the base 142 forming a 
part of the external terminal 140 and the interconnect 
pattern 130 may be formed integrally. 

Since the depressions 128 are formed with the opening 
5 extremity larger than the bottom, the lateral surface of 
the external terminals 140 (for example the lateral surface 
of the base 142) is also inclined. As a result, as seen 
from a direction along a perpendicular to the surface of 
the semiconductor chip 110, a part of the insulating layer 

10 120 is positioned between parts of respective external 
terminals 140 and the semiconductor chip 110. 

The interconnect pattern 13 0 is covered by a 
protective layer 150. The protective layer 150 may be for 
example a solder resist. The protective layer 150 is formed 

15 on the stress relieving layer 120, avoiding the external 
terminals 140. The protective layer 150 may cover a part of 
each external terminal 14 0, but it is necessary to avoid at 
least the top extremity of each external terminal 140. 

According to this embodiment of the semiconductor 

20 device 101, the interconnect pattern 130 is formed on the 
insulating layer 120, and moreover is electrically 
connected to the external terminals 140 at the opening 
extremity of the depressions 128. That is to say, the 
electrical connection portion between the interconnect 

25 pattern 13 0 and the external terminals 140 is positioned on 
the insulating layer 120. As a result, stress applied to 
the electrical connection portion between the interconnect 
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pattern 130 and the external terminals 140 is also absorbed 
by the insulating layer 120. In this way, the electrical 
connection between the interconnect pattern 130 and the 
external terminals 140 can be effectively ensured* Since 
5 the interconnect pattern 13 0 is formed on the insulating 
layer 120, breakage is prevented. Furthermore, the 
interconnect pattern 130 is formed on the insulating layer 
12 0, and is distanced from the semiconductor chip. 
Therefore, signals within the integrated circuit of the 
10 semiconductor chip 110 and signals within the interconnect 
pattern 130 are not prone to interfere, and crosstalk is 
reduced. 

In Fig. 14 is shown a plan view of this embodiment of 
the semiconductor device. In this figure, the interconnect 

15 pattern 130 is formed from the electrodes 112 of the 
semiconductor chip 110 in the direction of the center of 
the active surface, and the external terminals 140 are 
electrically connected to the interconnect pattern 130. 

It should be noted that with regard to the provision 

20 of the external terminals 140 in the active region of the 
semiconductor chip 110, the provision of the insulating 
layer 120 (see Fig. 13) in the active region, and the 
disposition of the interconnect pattern 130 within the 
active region, the description in the first embodiment in 

25 relation to Fig. 2 applies. With regard to the form of the 
interconnect pattern 13 0, the description in the first 
embodiment in relation to Fig. 2 applies. 
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Next the method of manufacture of this embodiment of 
the semiconductor device is described. 

First, as described in the first embodiment, a 
semiconductor wafer is taken, before separation into 
5 semiconductor chips 110. The semiconductor wafer has a 
plurality of electrodes 112, and a passivation film 114 is 
formed, avoiding the electrodes 112. 

First step 

10 The insulating layer 120 is formed on the 

semiconductor wafer. The insulating layer 120 may be formed 
by laminating a plurality of layers. A plurality of 
depressions 128 are formed in the insulating layer 120. The 
opening portions 126 are formed in the insulating layer 120 

15 at the positions over the electrodes 112 of the 
semiconductor wafer. The order of these steps is not 
significant. For example, the insulating layer 12 0 may be 
formed, and then the depressions 128 and opening portions 
126 may be formed simultaneously. In this case, the 

20 insulating layer 120 is formed of a resin sensitive to 
energy such as light or radiation, and energy is irradiated 
to enable the portions of formation of the depressions 128 
and opening portions 126 in the insulating layer 120 to be 
removed, thus carrying out development. It should be noted 

25 that the form of the depressions 128 and opening portions 
126 is as described above. 
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Second step 

The interconnect pattern 130 is formed from the 
electrodes 112 over the insulating layer 120 to the opening 
extremities of the depressions 128. The external terminals 
5 14 0 which are electrically connected to the interconnect 
pattern 130 at the opening extremities of the depressions 
128 are provided in the depressions 128* The order of these 
steps is not significant. 

For example, the interconnect pattern 130 formed from 

10 the electrodes 112 over the inner surface of the opening 
portions 12 6 to the opening extremities of the depressions 
128 in the insulating layer 120, and the bases 142 formed 
on the inner surface of the depressions 128 and connected 
to the interconnect pattern 130 at the opening extremities 

15 of the depressions 128, can be formed integrally. In this 
step, sputtering or the like can be can be applied. 
Thereafter, the connection portions 144 such as solder 
balls are provided on the bases 142. Alternatively, a 
solder cream may be provided on each base 142, this may be 

20 fused, and formed into a ball by surface tension. In this 
way the external terminals 140 can be provided. If required, 
a protective layer 150 is formed on the insulating layer 
120. Then the semiconductor wafer is diced, and the above 
described semiconductor device 101 can be obtained. 

25 

Sixth Embodiment 

Fig. 15 shows a sixth embodiment of the semiconductor 
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device of the present invention. A semiconductor device 102 
comprises the semiconductor chip 110 described in the fifth 
embodiment, an insulating layer 160, an interconnect 
pattern 170, and external terminals 180 • The insulating 
5 layer 160 is formed from a plurality of layers. Opening 
portions 166 are formed in the insulating layer 160 at the 
positions over the electrodes 112, and the interconnect 
pattern 170 is electrically connected to the electrodes 112. 
In the insulating layer 160, depressions 168 are 

10 formed. The depressions 168 are formed only in an upper 
layer 162 of the plurality of layers constituting the 
insulating layer 160, and are not formed in a lower layer 
164. This point differs from the fifth embodiment, but for 
the remainder of the construction, the construction of the 

15 fifth embodiment can be applied. A base 182 is formed in 
each depression 168, and a connection portion 184 is 
provided on the base 182. A protective layer 190 is formed 
on the interconnect pattern 170. 

In this embodiment of the semiconductor device 102 

20 too, the electrical connection portion of the interconnect 
pattern 170 and external terminals 180 is positioned over 
the insulating layer 160. As a result, stress applied to 
the electrical connection portion between the interconnect 
pattern 170 and the external terminals 180 is absorbed by 

25 the insulating layer 160. Other effects are as described in 
the fifth embodiment. 
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Seventh Embodiment 

Fig* 16 shows a seventh embodiment of the 
semiconductor device. This semiconductor device 201 
comprises a semiconductor chip 210, an interconnect pattern 
5 22 0, external terminals 230, and first and second 
insulating layers 240 and 242. The semiconductor device 201 
has a package size approximately equal to the size of the 
semiconductor chip 210, and can therefore be classed as CSP, 
or can also be termed a flip chip equipped with a stress 
10 relieving function. 

For the semiconductor chip 210 the description of the 
semiconductor chip 10 in the first embodiment is applied. 

For the interconnect pattern 220, the description of 
the interconnect pattern 20 in the first embodiment is 
15 applied. The external terminal 230 comprises a base 232 and 
a connection portion 234, and in details these have the 
same construction as the external terminals 30 of the first 
embodiment. 

The first and second insulating layers 240 and 242 
20 are formed around the external terminals 230. At least one 
of the first and second insulating layers 240 and 242 may 
have a stress relieving function. The first and second 
insulating layers 24 0 and 242 can be formed of the 
materials described in the first embodiment. It should be 
25 noted that the first insulating layer 240 is positioned on 
the side of the semiconductor chip 210, and is formed over 
the electrode 212, interconnect pattern 22 0 and passivation 



45 



film not shown in the drawings. The second insulating layer 
242 is, except for the region of the external terminals 23 0, 
formed over the entire surface of the first insulating 
layer 240. 

5 In the first insulating layer 240 a first opening 

portions 244 are formed • The first opening portions 244 are 
formed over the interconnect pattern 244 at the positions 
for connection with the external terminals 23 0. The inner 
surface of each first opening portion 244 is an inclined 

10 surface, providing a taper such that the opening increases 
in size progressively from the bottom. 

In the second insulating layer 242, second opening 
portions 246 are formed. The second opening portions 246 
are formed over the first opening portions 244. The inner 

15 surface of each second opening portion 246 is an inclined 
surface, providing a taper such that the opening increases 
in size progressively from the bottom. 

A part of the external terminal 230 (for example the 
base 232) is provided to contact the inner surface of the 

20 first and second opening portions 244 and 246- 
Corresponding to the inclination of the inner surfaces of 
the first and second opening portions 244 and 246, the 
lateral surface of the base 232 is also inclined. In more 
detail, the base 232 has the form of an inverted frustum 

25 (inverted frustum of a cone, inverted frustum of a pyramid). 

Since the lateral surface of the external terminal 
230 (for example the lateral surface of the base 232) is 
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inclined, as seen from a direction along a perpendicular to 
the surface of the semiconductor chip 210, a part of the 
first and second insulating layers 240 and 242 is 
positioned between a part of respective external terminals 
5 230 and the semiconductor chip 210. In more detail, a part 
of the external terminal 230 (for example a part of the 
base 232) is bonded to the interconnect pattern 220. 
Between the external terminal 230 other than this part and 
the semiconductor chip 210, a part of the first and second 

10 insulating layers 240 and 242 is provided. 

In this embodiment, the first insulating layer 240 
and the second insulating layer 242 have different 
characteristics. For example, the Young's modulus of the 
first insulating layer 240 is greater than the Young's 

15 modulus of the second insulating layer 242. The coefficient 
of thermal expansion of the second insulating layer 242 is 
greater than the coefficient of thermal expansion of the 
first insulating layer 24 0. 

Stress applied to the external terminal 23 0 is, in 

20 more detail, generated by the difference between the 
coefficients of thermal expansion of the circuit board on 
which the semiconductor device 201 is mounted and the 
semiconductor chip 210. Generally, since the coefficient of 
thermal expansion of the circuit board is greater, its 

25 expansion and contraction is greater, and since the 
coefficient of thermal expansion of the semiconductor chip 
210 is smaller, its expansion and contraction is smaller. 
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Corresponding to the fact that the expansion and 
contraction of the semiconductor chip 210 is smaller, the 
first insulating layer 24 0 positioned closer to the 
semiconductor chip 210 has a larger Young's modulus. On the 
5 other hand, corresponding to the fact that the expansion 
and contraction of the circuit board is larger, the second 
insulating layer 242 formed closer to the circuit board has 
a has a smaller Young's modulus. Thus, by using the first 
and second insulating layers 240 and 242 having different 

10 characteristics, the stress can be effectively absorbed. 

Fig. 17 shows a plan view of this embodiment of the 
semiconductor device. In this figure, the interconnect 
pattern 220 is formed from the electrodes 212 of the 
semiconductor chip 210 toward the center of the active 

15 surface, and the interconnect pattern 220 is provided with 
the external terminals 230. 

It should be noted that the external terminals 230 
are provided in the active region of the semiconductor chip 
210, the first and second insulating layers 240 and 242 

20 (see Fig. 16) are provided in the active region, and the 
interconnect pattern 22 0 is disposed within the active 
region, with respect to which the description of the first 
embodiment in relation to Fig. 2 applies. Also in regard to 
the form of the interconnect pattern 220, the description 

25 of the first embodiment in relation to Fig. 2 applies. 

Next, the method of manufacture of this embodiment of 
the semiconductor device is described. 
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First, as described in the first embodiment, a 
semiconductor wafer is taken, before separation into 
semiconductor chips 210. The semiconductor wafer has a 
plurality of electrodes 212 and a passivation film which is 
5 formed avoiding the electrodes 212. The interconnect 
pattern 220 is formed from the electrodes 212. Over this, 
the first and second insulating layers 24 0 and 242 are 
formed, and the first and second opening portions 24 4 and 
246 are formed over the interconnect pattern 220 at the 
10 positions of bonding with the external terminals 230. Then 
the external terminals 23 0 are provided on the interconnect 
pattern 220 through the first and second opening portions 
244 and 246. A part of the external terminals 230 (for 
example base 232) is provided to contact the inner surface 
15 of the first and second opening portions 244 and 246. For 
example, the base 232 is formed not only over the 
interconnect pattern 220, but also integrally on the inner 
surface of the first and second opening portions 244 and 
246 by sputtering or the like. When the base 232 is 
20 provided, the connection portion 234 such as solder balls 
is provided thereon. Alternatively, a solder cream may be 
provided on the base 232, this may be fused, and formed 
into a ball by surface tension. If required, a protective 
layer may be further formed on the second insulating layer 
25 242. 

Then the semiconductor wafer is diced, and the above 
described semiconductor device 201 can be obtained - 
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Eighth Embodiment 

Fig. 18 shows an eighth embodiment of the 
semiconductor device. A semiconductor device 202 differs 
5 from that of the seventh embodiment in that a second 
insulating layer 252 is formed on the surface of the first 
insulating layer 240 only around the external terminals 23 0. 
In other respects this is the same as the seventh 
embodiment. It should be noted that in the second 

10 insulating layer 252, second opening portions 254 of the 
same construction as the second opening portions 246 of the 
seventh embodiment are formed. According to this embodiment, 
since the second insulating layer 252 is small in plan view, 
it is easily deformed, and is more able to cope with stress 

15 stemming from thermal stress. 

Ninth Embodiment 

Fig. 19 shows a ninth embodiment of the semiconductor 

device. A semiconductor device 2 03 differs from that of the 
20 seventh embodiment in that a third insulating layer 260 is 

formed on the semiconductor chip 210, and an interconnect 

pattern 2 62 is formed thereon. 

The third insulating layer 260 can be formed of the 

materials which can be selected for the first and second 
25 insulating layers 24 0 and 242 . The third insulating layer 

260 is formed on the surface of the semiconductor chip 210 

on which the electrodes 212 are formed, avoiding the 
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electrodes 212. Third opening portions 264 are formed in 
the third insulating layer 260, over the electrodes 212 . 
The interconnect pattern 262 is also formed on the inner 
surface of each third opening portion. The inner surface of 
5 the third opening portion 264 is an inclined surface, 
providing a taper such that the opening increases in size 
progressively from the bottom. As a result, the 
interconnect pattern 262 rises not perpendicularly but 
gently from the electrode 212 to the top surface of the 

10 third insulating layer 260. In this way, since the bending 
angle of the interconnect pattern 262 is gentle, breakage 
thereof is prevented. 

Then on the interconnect pattern 262, in addition to 
the provision of the external terminals 230, first and 

15 second insulating layers 240 and 24 2 are formed. For the 
details thereof, the description of the seventh embodiment 
is applied. 

According to this embodiment, in addition to the 
effect described in the seventh embodiment, stress can also 
20 be relieved by the third insulating layer 260. 

Tenth Embodiment 

Fig. 2 0 shows a tenth embodiment of the semiconductor 
device. A semiconductor device 2 04 differs from that of the 
25 ninth embodiment in that a second insulating layer 270 is 
formed on the surface of the first insulating layer 240 
only around the external terminals 23 0 . In other respects 
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this is the same as the ninth embodiment. It should be 
noted that in the second insulating layer 270, second 
opening portions 272 of the same construction as the second 
opening portions 246 of the ninth embodiment are formed. 
5 According to this embodiment, since the second insulating 
layer 270 is small in plan view, it is easily deformed, and 
is more able to cope with stress stemming from thermal 
stress . 

Fig. 21 shows a circuit board 1000 on which is 
10 mounted this embodiment of the semiconductor device 1. An 
organic substrate such as a glass epoxy substrate or the 
like is generally used for the circuit board 1000. On the 
circuit board 1000, an interconnect pattern of for example 
copper is formed to constitute a desired circuit, then by 
15 mechanical connection of this interconnect pattern and the 
external terminals 3 0 of the semiconductor device 1, 
electrical connection is achieved. 

Then as an electronic instrument 1100 equipped with 
the semiconductor device 1 to which the present invention 
20 is applied, a notebook personal computer 1100 is shown in 
Fig. 22. 

It should be noted that the above-described 
"semiconductor chip" that is a structural component of the 
present invention could be replaced by an "electronic 
25 element," and an electronic element (whether an active 
element or a passive element) can be mounted on a substrate 
to fabricate an electronic component, in the same way as a 
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semiconductor chip. As electronic components manufactured 
by using such an electronic element may be cited, for 
example, resistors, capacitors, coils, oscillators, filters, 
temperature sensors, thermistors, varistors, variable 
resistors, and fuses. 
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CLAIMS 



1. A semiconductor device comprising: 

a semiconductor element having a plurality of 
5 electrodes ; 

an interconnect pattern electrically connected to the 
electrodes ; and 

external terminals electrically connected to the 
interconnect pattern, 
10 wherein a plurality of insulating layers are formed 

around the external terminals on the interconnect pattern. 



2. The semiconductor device as defined in claim 1, 
wherein at least one of the plurality of insulating 

15 layers has a stress relieving function. 

3. The semiconductor device as defined in claim 1, 
wherein at least one of the plurality of insulating 

layers is formed of a resin. 

20 

4. The semiconductor device as defined in claim 1, 
wherein the insulating layers contact the external 

terminals at opening portions each of which has an inclined 
surface providing a taper increasing in size from a lower 
25 layer to a higher layer of the insulating layers. 

5. The semiconductor device as defined in claim 1, 
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wherein each of the external terminals includes a 
base and a connection portion provided on the base; and 

wherein the base is provided in an opening portion 
through which each of the external terminals contact the 
5 insulating layers . 

6. The semiconductor device as defined in claim 1, 
wherein the insulating layers contact the external 

terminals at opening portions each of which is formed with 
10 a curved surface. 

7. The semiconductor device as defined in claim 1, 
wherein the interconnect pattern is formed on a 

stress relieving layer formed below the plurality of 
15 insulating layers, 

8. The semiconductor device as defined in any of claims 
1 to 7, 

wherein the uppermost layer of the insulating layers 
20 is formed over the whole surface of the second layer of the 
insulating layers from the uppermost layer except for an 
area of the external terminals . 

9. The semiconductor device as defined in any of claims 
25 1 to 7, 

wherein the uppermost layer of the insulating layers 
has an area smaller than an area of a second layer of the 
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insulating layers from the uppermost layer. 



10. The semiconductor device as defined in claim 1, 
wherein the insulating layers include an upper layer 

5 and a lower layer of different characteristics. 

11. The semiconductor device as defined in claim 10, 
wherein the coefficient of thermal expansion of the 

upper layer of the insulating layers is greater than the 
10 coefficient of thermal expansion of the lower layer of the 
insulating layers . 

12. The semiconductor device as defined in claim 10, 
wherein the Young *s modulus of the lower layer of the 

15 insulating layers is greater than the Young's modulus of 
the upper layer of the insulating layers. 

13. A semiconductor device comprising: 

a semiconductor element having a plurality of 
2 0 electrodes; 

an interconnect pattern electrically connected to the 
electrodes; and 

external terminals electrically connected to the 
interconnect pattern, 
25 wherein the interconnect pattern is formed on an 

insulating layer which is formed of at least one layer and 
has protrusions and depressions; and 
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wherein the external terminals are formed in the 
depressions • 



14. 



The semiconductor device as defined in claim 13, 



5 



wherein the insulating layer has a stress relieving 



function. 



15. 



The semiconductor device as defined in claim 13, 



wherein the insulating layer is formed of a resin. 



16. The semiconductor device as defined in claim 13, 
wherein each of the external terminals includes a 

base and a connection portion provided on the base; and 

wherein the base and the interconnect pattern are 
15 constructed as a single member. 

17. The semiconductor device as defined in claim 13, 
wherein each of the depressions is formed to have an 

opening extremity larger than the bottom. 



18. The semiconductor device as defined in claim 13, 

wherein the insulating layer includes an upper layer 
and a lower layer of different characteristics. 

25 19. The semiconductor device as defined in claim 18, 

wherein the insulating layer is formed on the 
semiconductor element; and 
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wherein the coefficient of thermal expansion of the 
lower layer is smaller than the coefficient of thermal 
expansion of the upper layer. 

5 20. The semiconductor device as defined in claim 13, 

wherein a protective film is formed on the uppermost 
layer of the semiconductor device. 

21. A circuit board on which is mounted the semiconductor 
10 device as defined in any of claims 1, 2, 3, 4, 5, 6, 7, 10, 

11, and 12. 

22. A circuit board on which is mounted the semiconductor 
device as defined in any of claims 13 to 20. 

15 

23. An electronic instrument having the semiconductor 
device as defined in any of claims 1, 2, 3, 4, 5, 6, 7, 10, 
11, and 12. 

20 24. An electronic instrument having the semiconductor 
device as defined in any of claims 13 to 20. 

25. A method of manufacture of a semiconductor device 
comprising the steps of: 
25 forming an interconnect pattern electrically 

connected to a plurality of electrodes of a semiconductor 
element; 
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forming external terminals on the interconnect 
pattern; and 

forming a plurality of insulating layers around the 
external terminals, over the interconnect pattern. 

5 

26. The method of manufacture of a semiconductor device 
as defined in claim 25, 

wherein in the step of forming the insulating layers, 
opening portions which are used for contacting the external 
10 terminals and constituted by first and second holes, are 
formed in the insulating layers which include first and 
second insulating layers; 

wherein the first insulating layer is formed; the 
first holes are formed in the first insulating layer; the 
15 second insulating layer is formed over the first holes and 
the first insulating layer; and the second holes are formed 
in the second insulating layer over the first holes; and 

wherein the external terminals are formed after 
forming the insulating layers. 

20 

27. The method of manufacture of a semiconductor device 
as defined in claim 25 or 26, 

wherein at least one of the plurality of insulating 
layers is formed to have a stress relieving function. 

25 

28. The method of manufacture of a semiconductor device 
as defined in claim 25 or 26, 
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wherein at least one of the plurality of insulating 
layers is formed of a resin. 

29. The method of manufacture of a semiconductor device 
5 as defined in claim 25 or 26, 

wherein the insulating layers are formed to include 
an upper layer and a lower layer of different 
characteristics . 

10 30. The method of manufacture of a semiconductor device 
as defined in claim 29, 

wherein the Young's modulus of the lower layer of the 
insulating layers is made larger than the Young's modulus 
of the upper layer of the insulating layers . 

15 

31. The method of manufacture of a semiconductor device 
as defined in claim 29, 

wherein the coefficient of thermal expansion of the 
upper layer of the insulating layers is made larger than 
20 the coefficient of thermal expansion of the lower layer of 
the insulating layers. 

32. A method of manufacture of a semiconductor device, 
comprising the steps of: 

25 forming an insulating layer on a semiconductor 

element, the insulating layer comprising at least one layer 
and having protrusions and depressions; 
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forming an interconnect pattern on the insulating 
layer ^ the interconnect pattern being connected to a 
plurality of electrodes of the semiconductor element; and 

forming external terminals in the depressions, the 
5 external terminals being electrically connected to the 
interconnect pattern. 

33. The method of manufacture of a semiconductor device 
as defined in claim 32, 

10 wherein a base which is a bottom portion of each of 

the external terminals is formed on an inner surface of 
each of the depressions, as a single member with the 
interconnect pattern; and 

wherein each of the external terminals is formed by 

15 providing a connection portion on the base. 

34. The method of manufacture of a semiconductor device 
as defined in claim 32 or 33, 

wherein the insulating layer is formed to have a 
20 stress relieving function. 

35. The method of manufacture of a semiconductor device 
as defined in claim 32 or 33, 

wherein the insulating layer is formed of a resin. 

25 

36. The method of manufacture of a semiconductor device 
as defined in claim 32 or 33, 
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wherein a protective film is formed on the uppermost 
layer of the semiconductor device. 
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ABSTRACT 



A semiconductor device comprising: a semiconductor 
element (10) having a plurality of electrodes (12); an 
5 interconnect pattern (20) electrically connected to the 
electrodes (12); a plurality of laminated insulating layers 
(41, 42 and 43); and a plurality of external terminals (30) 
electrically connected to the interconnect pattern (20). A 
plurality of holes (44, 46, and 48) are respectively formed 

10 in the insulating layers (41, 42, and 43) to form an 
opening portion (40) communicating from the hole (48) in 
the highest insulating layer (43) to the hole (44) in the 
lowest insulating layer (41). An external terminal (30) is 
provided within the opening portion (40), and the second 

15 hole (46) formed in the higher positioned second insulating 
layer (42) is larger than the first hole (44) formed in the 
lower positioned first insulating layer (41). 
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Japanese Language Declaration 



^mmmms l 9^ (a) - (d)Jl3i{^3 6 5* 



Prior Foreign Application(s) 

^mx<D9cniiim 

11-069420(P) 

(Number) 

(*^) 

11-069421(P) 
(Number) 



I hereby claim foreign priority under Title 35, United States 
Code, Section 1 1 9 (a)-(d) or 365(b) of any foreign application(s) 
for patent or inventor's certificate, or 365(a) of any PCT 
International application which designated at least one country 
other than the United States, listed below and have also 
identified below, by checking the box, any foreign application for 
patent or inventor's certificate, or PCT International application 
having a filing date before that of the application on which 
priority is claimed. 

Priority Not Claimed 

m^tm^mt^ b 



Japan 



16/March/1999 



(Country) 
Japan 



(Day/Month/Year Filed) 

(ms^MH) 

16/MarGh/1999 



□ 



□ 



(Country) 



(Day/Month/Year Filed) 

(tbM^MB) 



I hereby claim the benefit under Title 35, United States Code, 
Section 119 (e) of any United States provisional application(s) 
listed below. 



(Application No.) (Filing Date) 

mi^mizmm^ntzmm. ^i^^m^i^^Lx\^^mmti^m 

ts^^xm^^tirz:^mx^nt^^m^mmmimfr^^tixi'^ 

^ tz immmtf^mmmuHi b^x omrM^izx^^ntz. mn 
mmmmms thi^s esMx^m^titzmmmoy^mizmt 
^mmtammiz-^^^xm^mmti^^^^hitimMLx^^i^to 



PCT/JPOQ/01387 8/March/2000 

(Application No.) (Filing Date) 

(th^ll-^) (fflMS) 



(Application No.) (Filing Date) 

(miS#^) (tHSB) 

I hereby claim the benefit under Title 35, United States Code, 
Section 120 of any United States application(s), or 365 (c) of 
any PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner provided 
by the first paragraph of Title 35, United States Code, Section 
1 1 2, I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1.56 which became available between the 
filing date of the prior application and the national or PCT 
International filing date of application: 

Pending 

(Status: Patented, Pending, Abandoned) 



(Application No.) (Filing Date) 

^h\^. ^^M(D^\\mizm-5\.^x:^Mmm^xm.myti:dmmi^ 
mmx^ r) . i)>-^m^A^ b tzmm t nkom b i> ^ c 5 ^cs^ < 

^0^:6^:^T^^T^§h^ibTV^i>^^. ^ ^{cWLMlZU-^tlfz 

m.^(Dmmr^^fihnm<Dnm±^mmmm 1 8 1 0 0 1 
m bfe. ^\t.mizm^!'^t^tz^m(Dmm^t^^t^m z t ^mm 

b. ^'^xz;ziz±m(D:^t<mmt:mL^iro 



(Status: Patented, Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Japanese Language Declaration 

(S:*;|§aS«) 



mt. ^mmmms ssii 1 9^ (a) - (d)axii3 e 5^ 



Prior Foreign Application(s) 

11"073043(P) 
(Number) 



I hereby claim foreign priority under Title 35, United States 
Code, Section 1 1 9 (a)-(d) or 365(b) of any foreign application(s) 
for patent or inventor's certificate, or 365(a) of any PCT 
International application which designated at least one country 
other than the United States, listed below and have also 
identified below, by checking the box, any foreign application for 
patent or Inventor's certificate, or PCT International application 
having a filing date before that of the application on which 
priority is claimed. 



Japan 



18/March/1999 



(Country) 



(Day/Month/Year Filed) 



(Number) 



Priority Not Claimed 

□ 



□ 



(Country) 

(H«) 



(Day/Month/Year Filed) 



I hereby claim the benefit under Title 35, United States Code, 
Section 119 (e) of any United States provisional applicatlon(s) 
listed below. 



(Application No.) 

(mMs^) 



(Filing Date) 



mmmizmm^titzmm. y.it^m^mmLXh^:hmm^±imm 

3 6 5^(c)(cg'^<«^iJ^Ciei{::±^b^-ro ^tz. :^mii© 

±i^mxm^^nrz:^mx9Gf7t^^mm^ibmizmm^rix\.^ 
tiii^m^. ^o9nn^mmmmmH^B\>mx:^itimm(DB:^m\H 
^tzimmmtj^mmmtki^B^xommmzx^^nrz. mn 
mwmmms 7^11^5 6mx^m^tirz!^mm^(D:^mizm't 
^mmti:mmiz-^\.-^xmmmmt^^^:zt^mMLxu^to 



(Application No.) 

(mi^s^) 



(Filing Date) 

(ffiJlB) 



I hereby claim the benefit under Title 35, United States Code, 
Section 120 of any United States application(s), or 365 (c) of 
any PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner provided 
by the first paragraph of Title 35, United States Code, Section 
11 2, I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1.56 which became available between the 
filing date of the prior application and the national or PCT 
International filing date of application: 



(Application No.) 

(ffiffiS-^) 



(Filing Date) 

(ffiJlH) 



(Status: Patented, Pending, Abandoned) 



(Application No.) (Filing Date) 

mt, M^^^(D^\\mzm-5ux:^'m:mm^xMxtmtf:d mmib^ 
mmx t3 . t^-oMxt^x^ L tz^mt^Kom t^tz:^ iz^^ < 
mmt^±xmmx^:6tm\^xi^^z ^^izmmizt^^nrz 
^m(Dmmj^v'^titmm<7:>nmt^m'Amm i sn^ i o o i 
miz^^^, m^^tzit^m. %L<it^(Dm:^izj:i:)mm^n 
^zt. "^{^x^co^otjim&iz^^M&cDpm^ntfim, m 
mhtz. Ritmizm^i^ titzm^(Dmmti^9<t)n^ z t ^mm 
^'Dxzziz±m<Dzt<mm^^L^to 



(Status: Patented, Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 



Page 3 of 5 



PTO/SB/106 (8-96) 
Approved for use through 9/30/98 0MB 0651-0032 
Patent and Tradenr>ark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995. no persons are required to respond to collection of information unless it displays a valid OMB control number. 



Japanese Language Declaration 



James A. Oliff, (Reg. 2 7,075) 
William P. Berridge, (Reg. 30,024) 
Kirk M. Hudson, (Reg. 27.562) 
Thomas J. Pardini, (Reg. , 30.411) 
Edward P. Walker, (Re g. 31,450) 
Robert A. Miller, (Reg. 32,771) 
Mario A. Costantino, (Reg. 33,565) 
Caroline D. Dennison, (Reg.34,494 1 



OLIFF & BERRIDGE, PLC 
P.O. Box 19928 
Alexandria, Virginia 22320 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith. O/'st name and registration number) 

James A. Cliff, (Reg. 27.075 ) 

William P. Berridge, (Reg., 30.024) 

Kirk M. Hudson, (Reg. 27,562 ) 

Thomas J. Pardini. (Reg. 30,411) 

Edward P. Walker, (Regr3M50j 

Robert A. Miller, (Reg. 32,770 

Mario A. Costantino, (Reg . 33,565 ) 

Caroline D. Dennison, (Reg.34,494 ) 



Send Correspondence to: 
CUFF & BERRIDGE, P LC 
P.O. Box 19928 



Alexandria. Virginia 22 320 



OUFF & BERRIDGE, PLC 
(703) 836-6400 



Direct Telephone Calls to: (name and teiephone number) 
OLIFF & BERRIDGE, PLC 
(703) 836-6400 



Full name of sole or first inventor 
Terunao HANAOKA 



Inventor's signature 



Date 



Residence 



_$kLwX-5/li . l\f^pMO-)fm .Japan SPX 



392-8502 B*gl:lS»MiSTti:*:S]3TB3S5^ 

-l2^i3-x:/v>tt;S^tti^ 



Citizenship 
Japan 



Post Office Address 

c/ o Seiko Epson Corporation 

3-5, Owa 3-chome, Suwa-shi, Nagano-ken 392-8502 Japan 



^ K « ^ 



Full name of second joint inventor, if any 
Haru ki ITO 



Second inventors signature 



Residence 



Date 



frw-k^n , Japan X 



mm 



392-8502 B*BI:giflftlE|*rf]:*:fi]3Ta3S5^ 



Citizenship 
Japan 



Post Office Address 

c/ o Seiko Epson Corporation 

3-5, Owa 3-chome, Suwa-shi, Nagano-ken 392-8502 Japan 



t) 



(Supply similar information and signature for third and subsequent 
joint inventors.) 
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Japanese Language Declaration 

(B*ISM«) 



James A. Oliff, (Reg. 27,075) 
William P. Berridge, (Reg. 30,024) 
Kirk M. Hudson, (Reg. 27.562) 
Thomas J. Pardini, (Reg. 30,411) 
Edward P. Walker, (Reg. 31,450) 
Robert A. Miller, (Reg. 32,771) 
Mario A. Costantino, (Reg. 33,565) 
Caroline D. Dennison, (Reg.34,494 ) 



OLIFF & BERRIDGE, PLC 
P.O. Box 19928 
Alexandria, Virginia 22320 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith. 0/st name and registration number) 

James A. Oliff, (Reg. 27,075) 

William P. Berridge, (Reg. 30,024) 

Kirk M. Hudson, (Reg. 27,562) 

Thomas J. Pardini, (Reg. 30,41 1) 

Edward P. Walker, (Reg. 31,450) 

Robert A. Miller, (Reg. 32,771) 

Mario A. Costantino, (Reg. 33,565) 

Caroline D. Dennison, (Reg.34,494 ) 



Send Correspondence to: 

OLIFF & BERRIDGE, PLC 
P.O. Box 19928 
Alexandria, Virginia 22320 



OLIFF & BERRIDGE, PLC 
(703) 836-6400 



Direct Telephone Calls to: (name and teiephone number) 
OLIFF & BERRIDGE, PLC 
(703) 836-6400 



Full name of third joint inventor, if any 
Kazuhiko NOZAWA 



Third inventor's signature 



Residence 



Date 



392-8502 B*lIfi»iB:^ifim:*:ft]3Tg3S5-§- 



Citizenship 
Japan 



Post Office Address 

c/ o Seiko Epson Corporation 

3-5, Owa 3-chome, Suwa-shi, Nagano-ken 392-8502 Japan 



Full name of fourth joint inventor, if any 



Fourth inventor's signature 



Date 



Residence 



Citizenship 



, Japan 



Post Office Address 



(Supply similar information and signature for fifth and subsequent 
joint inventors.) 



Page 5 of 5 



